While cloud computing has certainly gained attention, the potential for increased uptake of the technology is still large. As a consequence, how to move and migrate to the cloud is an unanswered question for many organisations. Gaining an understanding of cloud migration processes from on-premise architectures is our aim here. For this purpose, we look at three provider-driven case studies based on the common three layers of cloud computing: Infrastructure (IaaS), platform (PaaS) and software (SaaS) as a service. These shall be complemented by a fourth, independent systems integration perspective. We extract common migration process activities for the layer-specific processes and discuss commonalities, differences and open issues. The results presented are based on expert interviews and focus groups held with major international cloud solution providers and independent consultants.
Introduction
Software application hosting settings range from on-premise solutions to private clouds to public clouds [1] . The migration into the cloud or between these often hybrid scenarios or between offerings is a key concern and the determination and assessment of possible migration processes is important. We carried out research into migration scenarios in the form of migrations processes and patterns based on expert interviews and focus groups with major international cloud solution providers and independent consultants. The proposed processes document a range of different architectural settings. They highlight the concerns -like costs, skills and technologies -to be considered to deploy applications in various cloud scenarios and to migrate into these from on-premise architectures. Attention also needs to be given to hybrid solutions where parts of an application system remain on-premise and parts are migrated to the cloud, maintaining an efficient division of responsibilities and effective data flows.
In order to start the migration process determination and evaluation, an empirical investigation into migration processes was conducted at the Irish Centre for Cloud Computing and Commerce (IC4). A structured methodological approach was followed, involving IC4 industry consortium members (http:www. ic4.ie) with background or experience in cloud migration. We conducted expert interviews to gain a broader understanding beyond individual cases than would have been possible through concrete projects observation alone. The experts would have had 15-20 years of industrial practice and a minimum of 3 years in cloud migration.
Our work has focused on determining the principle cloud migration processes. Our investigation has shown differences between the cloud deployment models IaaS, PaaS and SaaS, which we will reflect by model-specific migration processes based on a catalogue of common activities. We emphasise the differences and commonalities between the three layers, but also use an independent broker acting as a systems integrator (in contrast to the other more provider-based migration) to broaden the view and evaluate previous results.
We discuss some foundations for our study in Section 2, before detailing the results in Section 3. The observations are discussed in Section 4, before summarising related work in Section 5.
Assumptions and Background
The migration layers that we identified are mainly derived from the user-oriented service models SaaS, PaaS and IaaS [1, 10] . The concerns shall briefly be outlined: -SaaS. Companies look for a migration solution to move their existing onpremises applications to a cloud environment. Application vendors frequently want to evaluate a cloud platform on which to deploy a new application or SaaS offering. -PaaS. PaaS Migration is the process of moving from the use of one software operating and deployment environment to another environment. At this layer customers do not manage their virtual machines, but rely on the infrastructure layer's compute and storage resources. They merely create applications within an existing API or programing language. -IaaS. IaaS migration is mainly offering virtual machines as a (compute) service to users, such as moving from one VM to another, or managing or interoperating the different VMs. In addition, storage or network capabilities can also be provided. Instead of purchasing servers or even hosted services, IaaS customers can procure and operate servers, data storage systems, or networking resources at will.
We define cloud migration as follows. Cloud migration is the process of partially or completely deploying an organization's digital assets, services, IT resources or applications to the cloud. The cloud migration process may involve retaining some IT infrastructure on-site. In such a scenario, the existing system may be fused with a partial cloud solution that can be hosted by a third party over the Internet for a fee. The cloud component of this hybridised system can transition between several cloud providers allowing businesses to choose the
